Abstract. We report a high-resolution stable isotope, carbonate, magnetostratigraphic, and biostratigraphic record from a 175-m drill core from the Sa16 Briqueterie, which is part of the Bou Regreg section in northwestern Morocco. The Sa16 drill core spans the interval from paleomagnetic Chron C4n partim to C3r (earliest Gilbert), which represents the time leading up to and including the isolation and desiccation of the Mediterranean (i.e., the Messinian salinity crisis). During Chrons C3An and C3Ar 
Introduction
Ever since the discovery over 20 years ago that the Mediterranean Sea had been isolated from the world ocean during the late Miocene, the "Messinian salinity crisis" has captured the attention and imagination of the scientific and lay communities The sampling of the cores began by dividing each I-m-long core into two halves of approximately equal length. The upper -0.5 m was designated as the archive half of the core and was retained by the Moroccan Geological Survey. Only the lower 0.5 m of each core was sampled to avoid possible downhole contamination. Although the lower half of each core was sampled at a frequency greater than every 50 cm, the unsampled archive half of the core limits the even sample spacing to 50 cm. Coring operations at Sa16 were not originally designed with highresolution paleoceanographic studies in mind, and so this study is limited by the rather coarse coring and sampling methods employed. Normally, in deep-sea cores this wide sampling interval would severely hamper the chances of obtaining a highresolution record but, by comparison, the sedimentation rates in the Sal6 core are high. During Chrons C3An and C3Ar where the age control is excellent, sedimentation rates averaged about 5 cm/kyr which translates into an average sample spacing of about 10,000 years.
The highest frequency that can be resolved by the data set is equivalent to a period of about 20,000 years (i.e., the Nyquist frequency) assuming that each record was sampled at a constant time step of 10,000 years. Ideally, the time series should be sampled at 4-kyr resolution to confidently resolve precessional periods of 19 and 23 kyr. Aliasing of a time series by sampling at an interval that is too great to adequately resolve the true nature of a periodic signal may shift variance into lower frequencies [Pisias and Mix, 1988] . As a result, the sampling interval of the Sal6 core limits the interpretation of the results at the high end of the Milankovitch frequency band (i.e., precessional 19 and 23 kyr), but is adequate to resolve lower frequencies (i.e., obliquity and eccentricity).
Palcomagnetics
Full-round samples oriented with respect to the vertical (but an arbitrary azimuth) were taken at nominal 50-cm intervals from the S series and B series cores and prepared for palcomagnetic analysis by subsampling into --15 cm 3 specimens. Magnetic remanence measurements (made with a ScT or 2G cryogenic magnetometer) and demagnetization experiments were performed in a magnetically shielded environment with fields less than 5 nT over the sample space during the procedures. The intensities of natural remanent magnetism (NRM) ranged widely, averaging about 3 mA/m but with half the samples, mostly in the S series cores, having intensifies less than 1 mA/m. A set of subsamples was initially subjected to progressive alternating field demagnetization to 100 mT but thermal demagnetization was found to give more complete separation of magnetization components contributing to the NRM and was used as the basis of polarity interpretation.
The NRM demagnetization behavior can be generally categorized as stable for the B series but typically unstable for much of the stratigraphic interval covered by the S series cores. (Figure 2g) , similar to what has been described as typical for most of the B series samples. The magnetic instability so common in the S series, but that is much less so in the B series (except below 154 m), is therefore not attributed to some peculiarity of coring or sample processing, but rather is believed to be a stratigraphic-dependent property of these sediments.
Principal component analysis [Kirschvink, 1980] predict an inclination of +44ø).
Stable Isotopes
Isotope measurements were made on the benthic foraminifera, Planulina arirninensis, which has a modern depth distribution between 300 and -1000 m [Lutze, 1980] . Planulina arirninensis is considered to be the shallow-water equivalent of Planulina wuellerstorfi, which is the preferred species for deep sea isotope studies. Isotope comparisons of P. arirninensis and P. Crosses represent data that were not considered in polarity interpretation because of either weak, unstable magnetizations (arbitrarily assigned 0 ø inclination) or suspected problems with overprints or core handling. Magnetostratigraphic chron nomenclature for polarity intervals older than the Gilbert (e.g., Chrons 5 and 6) is shown for reference only and is superseded by the chron nomenclature derived from magnetic anomalies.
About 5 to 10 specimens of P. ariminensis were selected for isotope analysis such that samples weights were approximately 400-500 I.tg of carbonate per analysis. In many samples, P. ariminensis was abundant enough to make duplicate isotope measurements from the same sample and the results were averaged to reduce the noise level of the data. This is desirable because the amplitude of the •5•80 signal is low (0.5-0.6 %0) during the late Miocene. Foraminiferal tests were reacted in a common acid bath of ortho-phosphoric acid at 90øC using a VG Isogas autocarbonate preparation system. Isotope ratios of purified CO 2 gas were measured on-line by a VG Prism Series II mass spectrometer. All isotope results are reported in standard delta notation relative to PDB (Appendix Tables A1 and A2 
Carbonate
For measurement of percent CaCO 3, bulk samples were ground to a homogeneous powder and acidified by reaction with 2N HC1 in a dosed system using nitrogen as a carrier gas. Carbon dioxide generated from the reaction was introduced into a cell and measured by coulometric titration using a UIC Model 5011 carbon analyzer [Englernan et al., 1985] . Precision is estimated to be +1% (+1 standard deviation) based on repeated analysis of reagent-grade CaCO 3.
Results

Magnetic Polarity Stratigraphy
The polarity reversal pattern from the B series drilling at Sa16 can be correlated to the geomagnetic polarity timescale (GPTS) of [Sierro, 1985] ). This event represents a change between an epipelagic fauna with a tropical to subtropical affinity to that of a mesopelagic fauna of temperate affinity, marking a southward migration of northern temperate faunas in the North Atlantic [Sierro, 1985] 
Age Model
The data from the B series samples were converted from depth to age by linearly interpolating between the datum levels listed in , 1968] . The timeseries data were interpolated at uniform 5 kyr intervals and the resulting signals were linearly detrended, a prewhitening constant of 0.5 was applied to the isotope analysis to suppress low-frequency peaks, no prewhitening was applied to the carbonate signal, and all estimates were made with 1/3 lag. The power spectrum (log variance versus frequency) for the oxygen isotope signal reveals a significant peak at 40 kyr (Figure 9a Figure 11 ). In the Sa16 record we tentatively identify stages TGll, 10, and 9, but we are uncertain how to correlate stages above this level. A series of high-amplitude fluctuations between 10 and 30 m may correlate to stages T2 to T8 in the Thvera Subchron (Figure 11) Cyclicity in the carbonate record is dominated by the eccentricity cycle of 100 kyrs and no significant power was detected at precessional periods (Figure 10b) . We interpret the 100-kyr carbonate signal as representing the long-term modulation of the precession cycle by eccentricity. We suspect that the precessional peak is absent from the carbonate power spectrum because the sampling interval for the carbonate record is greater than the Nyquist frequency for precession. Precessional forcing exerts the strongest influence on climate at 35øN where the obliquity signal is suppressed. Indeed, precessional forcing appears to have dominated the Plio-Pleistocene sediment record in the Mediterranean [Hilgen, 1987 [Hilgen, , 1991a 
